oxidations by horseradish peroxidase (HRP), myoglobin (Mb) and cytochrome P-450ca,,, (P-450can,) reconstituted with synthetic hemes were studied in comparison with a form of cytochrome P-450 purified from liver micro somes of polychlorinated biphenyl (PCB)-treated rats. N,N-Dimethylaniline (DMA) and 7-isopropoxycoumarin were hardly dealkylated by the heme-substi tuted proteins in the presence of NADPH-cytochrome c (P-450) reductase and NADPH, while substantial activity of this kind was observed in the presence of hydrogen peroxide or cumene hydroperoxide as oxygen donors. Specific activity varied, depending on the substrates, oxygen donors, heme derivatives and apo proteins employed. Very high levels of activity were observed in hydrogen peroxide dependent DMA N-demethylation with HRP substituted with certain hemes. The highest level of activity was about two hundred times as high as that of rat liver cytochrome P-450. The relationship between such activity and the chemical structure of heme derivatives was discussed.
Heme-containing enzymes such as cyto chromes P-450 and peroxidases oxidize a variety of organic compounds, although the mechanisms involved in the oxidation reactions vary, depending on the specific enzyme involved and metabolic reactions. A recent study by Miwa et al. (1) showed that HRP can oxidize DMA at a much faster rate than that observed in the NADPH-dependent reaction by cytochrome P-450.
The physical properties of hemoproteins are dependent on the chemical structures of the heme moiety as well as the protein moiety. Thus, the substitution of heme moiety of certain hemoproteins with synthesized heme compounds has been shown to cause changes in several physicochemical pro perties such as CO-binding (2) , midpoint potentials and pK3 values (3, 4) . Despite these studies, the effects of the heme moiety on catalytic drug oxidations have not been reported, to our knowledge. substituted hemoproteins were prepared as described by Teale (6) and Yu and Gunsalus (7). Cytochrome P-450 I-d (P-450 I-d) was purified from PCB-treated rats as described previously (8) . NADPH-cytochrome c (P 450) reductase was purified by the method of Yasukochi and Masters (9) (12) . The determination of N-methylaniline (MMA) formed by the demethylation of DMA was carried out by HPLC (Waters Associate, ALC/GPC 204) with a Nucleosil 7C18 reverse phase column (3.9 x 300 mm) using 55% acetonitrile-45% 0.04 M (NH4)H2PO4 as the mobile phase at a flow rate of 1.0 ml/min.
Results

0-Dealkylation of 7-isopropoxycoumarin:
The activities of NADPH and peroxide dependent 0-dealkylation of heme-sub stituted HRP, Mb and P-450ca,m are listed in Table 1 . The activity of P-450 I-d was also shown as a control. In the NADPH-dependent system, the reconstituted hemoproteins exhibited much lower 0-dealkylating activity than P-450 I-d (<1%), suggesting that electrons are not readily transferred from NADPH-cytochrome c (P-450) reductase to these reconstituted hemoproteins. Similar tendencies were also observed in the hydrogen peroxide-dependent activities, whereas most of the heme-substituted pro teins showed higher activities than did P-450 I-d in the cumene hydroperoxide-dependent system. The activity of P-450ca,m was the highest among the four native hemoproteins. N-Demethylation of N,N-dimethylaniline: Oxidative N-demethylation by hemoproteins reconstituted with synthetic hemes was compared, using DMA as a substrate. In the presence of NADPH and NADPH-cytochrome c (P-450) reductase, some of the heme substituted proteins exhibited detectable activities, but the reaction rate was much lower than that of P-450 I-d (Table 2) . On the contrary, high levels of activity were observed in peroxide-dependent systems. When H202 was used as an oxygen donor, Table. the heme-substituted Mbs showed activity levels comparable to P-450 I-d. Higher levels of activity were observed with native HRP or with H R P reconstituted with the iron complex of phaeoporphyrin a5, phylloery thrin, rhodoporphyrin, pyrroporphyrin and P Me porphyrin.
The levels of the activity were about forty to two hundred times higher than that of P-450 I-d. Table. amounts roughly correspond to those of formaldehyde formed as shown in Table 2 . Thus, the sum of MMA and DMA was calculated as close to 100%. H202-dependent N-demethylation of MMA was also studied (Table 4) . Native HRP and five reconstituted HRPs showed high activity levels in both MMA and DMA demethylation.
Discussion phaeophorbide which showed low activity. These results indicate that the N-demethyl ating activity of heme-substituted HRP is strongly affected by the structure of the porphyrin moiety. Reduction of the D-ring in the porphyrins to chlorine results in marked decrease in such activity. Any such change in chemical structure must affect the ?-electron system of the porphyrin ring. An alteration in 7:-electron density causes a change in the redox potential of heme-iron (3, 4) . In fact, the oxidation potentials of metal lochlorines are reported to be less anodic by about 0.3 V than the corresponding metalloporphyrins (13) . Moreover, in the high activity group, phylloerythrin-Fe HRP showed relatively low activity. It has a rhodo type structure at the C-ring, which is recognized as an electron withdrawing group. These results indicate that a suitable redox potential of the hemes is required in the catalytic cycle of redox reaction steps (4) . As seen in pyrroporphyrin Fe and P-Me porphyrin-Fe HRP, one of the propionic acid groups at the 6 and 7 positions plays an important role in the exertion of catalytic activity.
Although both H202 and cumene hydro peroxide were able to support the oxidative reactions of DMA, the latter-which is larger in molecular size and smaller in polarity was found to be more effective when the heme-substituted Mbs were used. H202 and cumene hydroperoxide served as an oxygen donor with similar efficiency for HRP with the chlorine iron complex possessing a single bond at the 7,8-position of the D-ring in porphyrin, i.e. phaeophorbide, pyrrophaeo phorbide and mesophaeophorbide. It is interesting that native HRP showed high activity in the H202-dependent N-demethyl ation and low activity in the cumene hydroperoxide-dependent reaction. As only native HRP among the HRP series examined has a porphyrin moiety containing two propionic acid groups at the C and D-rings, this steric factor can be assumed to function in order to prevent the approach of a large molecule such as cumene hydroperoxide.
As shown in Table 4 , H202-dependent activities of heme-substituted HRPs for N demethylation of MMA also varied depending on the structure of the hemes. The order of activities for M MA among these H R Ps was similar to that for DMA, suggesting that the N-demethylation reaction of these amines, either tertiary or secondary amine, proceed with a similar mechanism. In the case of 0 dealkylation of 7-isopropoxycoumarin, how ever, the order of activities was not con sistent with those of DMA, suggesting a difference in the N-dealkylation and 0 dealkylation mechanisms.
The N-demethylation of DMA by HRP and other hemoproteins has been reported (1, 14-16), in which HRP and chloroperoxidase showed high activities in peroxide-dependent reactions (1, 15) . In the present study, we also observed a high rate of activity of native HRP in the H202-dependent N-demethyl ation of DMA. Interestingly, one of the synthetic heme-substituted HRP showed a higher rate of activity than the native one did. Substitution of the heme altered the Km for DMA and V,,,a,, value for N-demethylation. However, there was no significant corre lation between the kinetic parameters and the dealkylation rate. 
